F ifteen water quality parameters and nine coral community variables were assessed in eight reef sites along the Red Sea coast of Egypt. Coral reef environments are suffering of stress from increased anthropogenic activities, particularly in the vicinity of heavily populated and touristic areas such as Hurghada, Ain Al-Sukhna and Sharm ElSheikh. Increased terrestrial runoff of sediments, nutrients, organic matter and other pollutants are the main causes of water quality deterioration in the investigated reef sites. The results showed that bioerosion of corals by sea urchins, and enhanced abundance of macroalgae and consequent competitive overgrowth of corals were the major reasons of coral damage observed in the area of study. Population density of sea urchins exhibited significant and positive correlations with the majority of eutrophication parameters. Salinity was significantly and negatively correlated with live hard coral cover. Exceeding levels of DIN and TSM above the threshold concentrations for eutrophication were reported to be indirectly and adversely affecting coral reefs through stimulating the growth of macroalgae, enhancing sea urchin density and reducing water transparency. The results support the predictions of bottom-up hypothesis that confirm the critical role of eutrophication in structure of coral reef community.
INTRODUCTION
Coral reefs have often been described as fragile ecosystems in delicate balance with nature (Endean, 1976) . Johannes (1975) argued that since corals had evolved in stable tropical environment subject to narrow fluctuations in physical and chemical variables, they should be specialized and therefore highly sensitive to man-induced pollutants. One
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vacuum pump to remove phytoplankton and other small organisms that rapidly reduce the nutrient concentrations in the samples. The concentrations of dissolved nitrite, nitrate, ammonia, reactive phosphate and reactive silicate were then determined spectrophotometerically, according to the analytical procedures described by Parsons et al. (1984) . The concentrations of dissolved nutrients are expressed as |iM.
For determination of Chlorophyll a f each 2-liter water sample was filtered, within 2 hours, through a 0.45 fam Millipore filter, using vacuum pump, while adding 3-4 drops of MgC03 suspension in the final phase of filtering as a preservative (to prevent acidity on the filter). Then the filter was dried under vacuum and kept in refrigerator until analysis for 18-24 hours. Chlorophyll a in the phytoplankton cells retained on the filter was extracted using 90% acetone, centrifuged and the absorbance was measured spectrophotometrically al wavelengths 750, 664, 647 and 630 nm (Parsons et al, 1984) .
Coral Community variables:
Data collected using Belt quadrat method (Dodge et al, 1982) . In this method, a transect lines were employed to act as guides along which 1 m quadrat was placed every meter continuously, or at regular intervals (usually 2m apart) depending on the transect length and the reef profile. Transects were located parallel to each other and to the reef margin. The quadrat was made of aluminum pipe and divided into 100 squares with nylon line, each square therefore represented 1% of the quadrat.
The following attributes were recorded' in each quadrat: total number of coral species; total number of colonies; abundance of each species; living coverage of each species (%); living coverage of hard corals, soft corals and macroalgae (fleshy and turf algae); dead corals cover (%); population density of sea urchins ((# of urchins m" 2 ); Bare substratum (%), These attributes were again calculated at the level of each reef site. Species diversity was calculated, using Shannon & Weaver's (1948) formula: H = -£ Pj In Pi. Where Pi = n;/N is the proportion of the total number of individuals (N) belonging to the ith species (nj). Pielou's (1966) 
evenness index (JT) = FT (observed) / H max
Where H ma x= In S (total number of species)
RESULTS AND DISCUSSION
Declining water quality due to terrestrial runoff not only affects coral population directly, but also has profound effects on other key groups of reef organisms. Establishing causal relationships between ecological responses and environmental conditions is often difficult. Nevertheless, the present study provides links between water quality parameters and some coral community indices.
Hydrographic parameters:
pH values were relatively stable along the investigated locations (Table 1 ) and fell in the normal range (7.5 -8.4) of reef waters (Rogers et al y 1994) . Table ( 1 ) showed that waters in the area of investigation are well oxygenated (Fahmy, 2000; EIMP, 2005) and the dissolved oxygen (DO) concentrations are adequate for coral survival and development (Rogers et a!., ] 994). The highest mean DO concentration (8.76 mg l" 1 ) was recorded at location VIII, whereas the lowest value (7.37 mg I" 1 ) was recorded at location I. The higher levels of DO at locations VIII (Dahab) and V (Ras Mohamed) reflected the high wave action and good water circulation, which enhance the exchange of gases at the sea-air interface, in addition to relatively low levels of water pollution in these areas.
The variation in salinity value is not great in the area of study because there are no large freshwater sources like rivers or drains that discharge into the sea. The maximum annual mean of salinity (41.78 ppt) was measured at location III (south Ain Al-Sukhna), while the minimum value (40.07 ppt) was measured at location VII (Table 1 ). The relatively higher salinity level recorded at location III may be attributed to high evaporation rate and low wave action in this area, which is shallow and protected from the prevailing northerly winds by Attaqa mountain and the surrounding hills. The data in Table ( 2 ) showed also a general decrease in average salinity from Gulf of Suez towards Gulf of Aqaba. This can be a result of lower evaporation rate, higher wave action, greater depth range and good water circulation in the Gulf of Aqaba compared to Gulf of Suez (Fahmy, 2000; EIMP, 2004) , in addition to dissolution of some evaporite beds from the bottom in the Gulf of Suez (Morcos, 1970; Beltagy, 1983) . High salinity level (>41 ppt) is amongst the factors that cause a reduction in hard coral cover and species diversity, whereas little number of species can survive with increased salinity (Sheppard, 1988) . This view is supported by the significant negative correlation (r 2 = 0.6, t = -3.03, P<0.05) obtained between salinity and live hard coral cover as well IMPACT OF WATER QUALITY DETERIORATION ON CORAL 121  REEF COMMUNITY STRUCTURE IN THE NORTHERN RED SEA as the moderate positive correlation (r 2 = 0,33, t = L73, P>0.05) between salinity and dead cord cover (Table 4) . Consequently, it is suggested that the relatively higher salinity reported at location III may act with other factors (e.g. increased terrestrial sediment runoff and pollution) in reducing hard coral cover and species diversity (Scheer, 1984) , and increasing dead coral cover in this area (Table 2) . Eutrophication parameters:
Chemical Oxygen Demand (COD):
Since sewage discharge is a major source of organic matter in the area of study, COD is considered one of the sewage pollution indicators (Adams, 1990) . Concentration of COD (Table 1) showed a trend of decline from Northern Red Sea proper (sites I and II) across Gulf of Suez (sites III and IV) towards Gulf of Aqaba (sites VII and VIII). Highest COD concentration (2.16 mg l' ] ) was reported at locations III and IV, while the lowest value (1.36 mg I" 1 ) occurred at location VII. The higher levels of COD in locations I, II, III and IV can be ascribed to the enhanced discharge of untreated domestic sewage associated with population growth in cities of Safaga, Hurghada, Suez and Ai-Tur, in addition to the effluents of tourist villages and recreational resorts established in these areas, Ali (2001) recorded high percentages of organic matter in reef sediments at Ain Al-Sukhna (12.15 %), Hurghada (5.12%) and Safaga (5.21%).
In the present study, the moderate inverse relationship (r 2 = 0.35, t = -1.81, P>0.05) obtained between COD concentration and live hard coral cover (Table 5) indicated the direct adverse effect of increased organic matter on coral community structure. On the other hand, COD concentration was significantly and positively correlated (r = 0,57, t = 2.82, PO.05) with population density of sea urchins, demonstrating the indirect detrimental influence of increased organic matter on coral reefs. This may be because the sea urchins, particularly Diadema setosum and Echinometra mathaei are the main coral skeleton bioeroders and excavators in the area of investigation (Vine, 1986; Hutchings, 1986; Hodgson, 1999; Ali, 2001) . Thus, the results revealed "that the indirect effect of increased organic matter is more pronounced than direct effect, Smith et al. (1981) , Kinsey (1988) , as well as Bell and Elmetri (1995) have shown that sewage pollution, which is rich in organic matter, can also enhance the growth of filter-feeding animals such as ascidians, sponges and soft corals, which either outcompete corals or result in increased bioerosion via burrowing molluscs, sponges, sea urchins and Abdel-Hamtd A. M. Ali and Mohamed A. Hamed polychaete worms. Higher levels of organic matter can also be implicated in reduction of transparency, which is necessary for increasing light penetration to coral's symbiotic attendant zooxanthellae to perform photosynthesis. This is indicated by the substantial inverse relationship (r = 0,44, t = -2.18, P>0.05) between the transparency and COD (Table 3) .
Biological Oxygen Demand (BOD):
BOD is a way to assess the degree of sewage pollution in the area of investigation-High BOD from the sewage, possibly coupled with hydrogen sulfide generation and other pollutants, might also impose toxic effects on coral communities (Grigg and Dollar, 1990) . BOD concentration in the present results (Table 1) followed the trend of COD, with the exception of its concentration at site VIII (2,50 mg l" 1 ). The greatest mean concentration was measured at location III (3.18 mg 1" ! ), whereas the smallest value was measured at location VII (1.71 mg 1" ! ).
The relatively elevated levels of BOD in locations III, I, II, VIII and IV reflected the increased discharge of untreated domestic sewage and wastewater from coastal cities and tourist ur.tts in these areas. The range of annual average concentrations of BOD in the present study (1.71 -3.18 mg l" 1 ) is much higher than that reported from reef areas in the west coast of Barbados, West Indies (0.71 -1.09 mg Y l ( Tomascik and Sander, 1985) .
Tables 3 and 4 demonstrated that increased BOD concentrations were significantly associated with reduced transparency (r 2 = 0.56, t = -2.75, PO.05) and enhanced population density of sea urchins (r 2 = 0.54, t = 2.65, P<0.05). Thus, elevated levels of BOD can indirectly deteriorate the coral community through enhancing the population density of sea urchins {Diadema setosum and Echinometra mathaei, main coral bioeroders and excavators) and reducing the illumination required for photosynthesis, which is carried out by coral's endosymbiotic zooxanthellae, a vital source of energy needed for coral calcification and growth (Dodge and Vaisnys, 1977; Tomascik and Sander 1985; Rogers 1990) . So, it is concluded that the higher concentrations of BOD may be involved in lowering the growth rates of reef-building corals and enhancing bioerosion of coral skeletons.
Total suspended matter (TSM) and transparency:
TSM and transparency were measured in this study to indicate the degree of water turbidity. Suspended particles in the water absorb and scatter light, reducing light penetration, TSM has been documented as one of the main environmental variables adversely affecting the growth of IMPACT OF WATER QUALITY DETERIORATION ON CORAL 123 REEF COMMUNITY STRUCTURE IN THE NORTHERN RED SEA corals because it is involved in physical smothering of corals and reduction of coral calcification through attenuation of available light for zooxanthellae photosynthesis (Tomascik and Sander, 1985; Cortes and Risk, 1985; Wittenberg and Hunte, 1992) . The reported threshold concentration of TSM for coral reef environment is generally less than 5 mg l" 1 and hence the reef is considered disturbed when the concentration of TSM is greater than 5 mg V 1 (Cortes and Risk, 1985) . Consequently, the levels of TSM recorded in the water column of the sampling locations (Table I) were higher than critical threshold levels. Locations III and II had greater concentrations of TSM (8.17 and 8.1 mg 1"\ respectively) and lower levels of transparency (6.0 and 7.0 m, respectively, Table 1 ). Conversely, locations IV and VII exhibited the lower concentrations of TSM (5.22 and 5.56 mg l" 1 , respectively) and higher levels of transparency (11.5 and 11.4 m, respectively). The higher significant negative correlation (r 2 = 0.86, t = -6.05, P<0.001, Table 2 ) obtained between TSM and transparency indicated the exclusive role of TSM in reducing of transparency and the two variables were strongly antagonistic. Concentrations of TSM tend to be lowered towards southeast of Gulf of Suez (sites IV, V and VI) and Gulf of Agaba (sites VII and VII), whereas transparency showed the opposite trend (Table 1) , The mean concentration of TSM in the present study (6.57 mg l" 1 ) is higher than that reported by Tomasck and Sander (1985) in the west coast of Barbados, West Indies (5.89 mg l" 1 ) and by Cortes and Risk (1985) at Cahuita reef, Costa Rica (4.84 mg l" 1 ). Higher concentrations of TSM recorded at Locations III (south Ain Al-Sukhna) and II (Hurghada) were probably a direct result of enhanced terrestrial input of sediments, untreated sewage and wastewaters concomitant with increased coastal urbanization and expansion of touristic activities. Higher levels of phytoplankton biomass (measured as chlorophyll a concentration) determined at locations II and III (Table 1) could also contribute to TSM increment in theses areas (Bell and Elmetri, 1995; Genin et aL y 1995; Lapointe and Thacker, 2002) . This contribution was corroborated by the significant positive correlation ((r 2 = 0.54, t = 2.68, PO.05) established between Chlorophyll a concentration and TSM (Table 3) .
Table ( 5 ) shows that live hard coral cover was significantly increased (r 2 = 0.54, t = 2.67, P<0.05) with increment of transparency and considerably declined (r 2 = 0.41, t = -2,05, P>0.05) with elevated concentrations of TSM. This confirms the important role of transparency in increasing coral calcification and growth rates through enhancing the amount of light available for zooxanthellae photosynthesis (Rogers, 1979; Cortes and Risk, 1985; Tomascick and Sander, 1985) . The higher levels of transparency recorded at sites VII and VIII (Table 1) may partially explain the greater live hard coral covers determined in these areas (63.55 and 67.1%, respectively, Table 2 ). Previous studies (e.g. Tomascik and Sander, 1987a; Edinger et al., 1998; van Woesik et al. 9 1999; Ali, 2001) reported that high turbidity, shading and high particle loads lead to reduced biodiversity in hard corals and octocorals due to their differences in tolerance levels.
TSM concentration was significantly and positively (r 2 = 0.53, t = 2.58, P<0.05) correlated with the population density of sea urchins (Table  4) reflecting the indirect destructive effect of increased TSM on reefbuilding corals. This may be attributed to the fact that higher concentration of organic matter suspended in the water column satisfies the additional food need of sea urchins (Smith et aL 9 1981) .
Nutrients:
Coral reefs are typically occurring in waters that contain low levels of inorganic nutrients (Lewis, 1977) . The threshold concentrations of dissolved inorganic nutrients, above which the decline of coral reef from eutrophication begins to occur, are 1.0 |iM for dissolved inorganic nitrogen (DIN), 0.1-0.5 ixM for nitrate, 0.2-0.5 piM for ammonium, and less than 0.3 (iM for soluble reactive phosphorus (Furnas, 1991; Belh 1992; Lapointe et aL 9 1993) . So, the coral reefs are particularly susceptible to nutrient enrichment due to these very low threshold levels. The average concentrations of soluble reactive phosphate in the present results (Table 1) were very low, ranging from 0.01 to 0.06 JJ.M, and below the threshold levels (<0.3 jaM) in all locations and detectable limit (<0.03 jiM, Fahmy, 2001 ) in locations V, VI, VII and VIII. Therefore, soluble reactive phosphate concentrations were excluded from explanation.
The annual average concentrations of nitrite were also very low. ranging from 0.03 ^iM at location VII to 0.28 \xM at location III (Table 1) . Nitrite is the unstable compound of inorganic nitrogen forms because of its intermediate position in oxidation-reduction processes between nitrate and ammonium. The average concentrations of nitrate recorded at locations III, IV, V, VI and VII exceeded the critical threshold range (0.1-0.5 jxM) for eutrophication, while the average concentrations of ammonia were above the threshold range (0.2-0.5 ^M) in all locations with the exception of location VIII (Table 1) . Dissolved inorganic nitrogen (DIN) is the summation of dissolved ammonia, nitrite and nitrate. Average concentration of DIN was lower than the critical threshold (1.0 jiM) only at locations I and VIII, whereas the average concentrations at the remaining locations exceeded the eutrophication threshold level (Table 1) . Table 1 showed also that the nitrate was the dominant inorganic nitrogen species at site III, while ammonia was the dominant inorganic nitrogen species at sites II and VI. Sewage pollution and terrestrial sediment runoff are the principal sources of dissolved inorganic nitrogen compounds in the area of investigation (Riegl and Velimirov, 1991; EIMP, 2004) . The higher levels of DIN and ammonia recorded at locations II and VI, as well as the elevated levels of DIN and nitrate recorded at location III may be attributed to the fact that these areas are the main touristic and recreational centers in the Egyptian Red Sea, in addition to the rapid growth of coastal cities, particularly Hurghada (site II) and Sharm elSheikh (site VI). These factors increased the terrestrial dumping of sewage, wastewater and sediments in the adjacent reef areas.
Reactive silicate is a good indicator of freshwater dispersion and of the potential for diatom blooms. The highest mean concentration of reactive silicate (4.07 ^iM) was registered at site III, whereas the lowest value (0.98 \xM) was at site VII (Table 1) . Sewage disposal, vertical mixing, solution of diatoms, partial dissolution of quartz and clay particles transported to the sea with terrestrial runoff are considered the major factors controlling the distribution of silicate in the Northern Red Sea (Fahmy, 2001; EIMP, 2004) . The highest concentration of silicate obtained at location II (south Ain Al-Sukhna) was probably due to the increased terrestrial runoff, associated with construction activities and coastal development, in particular widening and improving the coastal way between Suez and Hurghada. The freshwater discharged with sewage from recreational resorts could contribute to the raised silicate concentration at site III. The significant positive correlations attained between reactive silicate and both nitrate (r = 0.63, t = 3.21, PO.05) and DIN (r* = 0.51, t = 2.5, PO.05) indicated that they are relatively derived from related sources.
The present data (Table 4) suggested that elevated nutrient concentrations resulted in a range of indirect impacts on coral communities and under extreme situations, can result in coral community collapse (Smith et aU 1981; Pastorak and Bilyard, 1985; ISRS, 2004) . One of the indirect detrimental effects of nutrient enrichment, associated with enhanced terrestrial runoff, is the dense population of sea urchins Abdel-Hamid A, M. All and Mohamed A. Hamed (regular echinoids), which are commonly reported as the main cause of corals bioerosion (Bak, 1994) . This view is supported by the higher sea urchin density (Echinometra maihaei and Diadema setosum) at locations HI and II (7.9 and 4,77 urchins m" 2 , respectively, Table 2 ) and the significant positive relationships (Table 4) between sea urchin density and each of nitrate (r 2 = 0,61, t = 3.07, PO.05), DIN (r -0.57, t = 2.82, PO.05) and reactive silicate (r* = 0.53, t = 2.6, PO.05). High nitrogen levels are reported to enhance the egg quality, larval survival and somatic growth of sea urchins in controlled feeding studies (de Jong-Westman et aL 9 1995). Walker and Ormond (1982) found that the population density of Diadema setosum was higher in the sewage area (mean 6.6 m" 2 ) than in control area (mean 2.1 m" 2 ) at Aqaba, Red Sea. This is consistent with the present results at location II, where Diadema setosum was the dominant sea urchin in this sewage-impacted area. Diadema setosum and Echinometra mathaei were the most abundant sea urchins in the area of investigation and considered as important coral bioeroders and algal grazers, feeding on the non-living component of reef framework as well as on living coral surfaces (Ormond, 1982) . Bioerosion by urchins includes excavation and all abrasive activities including spine abrasion, which result in the forming of cavities and burrows, reducing overall reef consolidation (Kiene and Hutchings, 1994) . Bioerosion also weakened the bases of large massive coral colonies, making them less resistant to storms and exposed to dislodgement and increased the susceptibility of corals to some diseases (Bak, 1994; ISRS, 2004) . The present results in table 4 reinforce the damaging influence of sea urchin on reef-building corals, where raised sea urchin density significantly enhanced the dead coral cover (r 2 = 0.56, t = 2.74, PO.05) and obviously lowered the live hard coral cover (r 2 = 0,43, t = -2.12, P>0.05). As a result, higher sea urchins density (Echinometra mathaei) observed at location HI (south Ain Al-Sukhna) might be strongly contributing to the greatest dead coral cover (23.28%) and lowest live hard coral cover (35.26%) found in this site (Table 2 ). In location II (Hurghada), it was common to find large healthy colonies of massive corals that are completely hollow, or partially hollow because their skeleton have been completely or partially eroded by Diadema setosum, leaving a thin shell of carbonate and living tissue. This is in accordance with the findings of Glynn (1997) . In Negril Marine Park, Jamaica, Lapointe and Thacker (2002) reported that the lowest cover of both hard corals and calcareous macroalgae (calcifiers) coincided
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with the highest density of sea urchins (particularly echinoids) on shallow and deep reefs, especially in Long Bay.
Exceeding nutrient concentrations above the critical threshold levels for eutrophication (Bell 1992; Lapointe et aL 1993) can enhance the growth rates and abundance of macroalgae, which compete with corals for substrate space (Genin et aL, 1995; Dubinsky and Stambler, 1996; Lapointe et aL, 1999) . The proliferated macroalgae compete with corals via combinations of overshading, overgrowth, smothering, abrasion of colony edges, preemption of coral larvae settlement space and sediment trapping ability (Birkeland, 1977; Pastorak and Bilyard, 1985; Tomascik and Sander, 1987b; Hodgson, 1990; Jompa and McCook, 2002) . This is another indirect way by which nutrient enrichment may adversely affect corals and coral reef ecosystems. There has been considerable, recent controversy over the relative importance of nutrient enrichment (bottomup hypothesis) and herbivory (top-down hypothesis) factors in controlling the changes in growth and abundance of algae. According to the bottomup hypothesis, excess nutrient supply (eutrophication) results in an increased growth and abundance of benthic algae (e.g. Lapointe, 1997 Lapointe, , 1999 Lapointe et aL, 1997; Schaffelke, 1999; Lapointe and Thacker, 2002) , leading to overgrowth of corals and subsequent reef degradation (Smith et aL, 1981; Pastorak and Bilyard, 1985; Bell, 1992) . The topdown hypothesis argues that algal biomass is predominantly controlled by herbivore consumption (e.g. Hughes et aL, 1999; Aronson and Percht, 2000) . According to this view, the declining levels of herbivory caused by reduced herbivore abundance as a result of overfishing and diseases is a reason of increased algal abundance and subsequent competitive overgrowth of corals (Thacker et aL, 2001) . Results of the present study (Tables 2, 4) pointed out that nutrient enrichment and increased TSM were the important synergistic factors responsible for increased growth rates and standing crops of macroalgae (fleshy and turf algae) on reefs of the Northern Red Sea (Riegl and Velimirov, 1991; Ali, 2001) . The cover of macroalgae was significantly increased with the elevated concentrations of DIN (r 2 = 0.93, t = 9.07, PO.001), ammonia (r 2 = 0.55, t = 2.69, PO.05) and TSM (r 2 = 0.83, t = 5.46, P<0.01). Reactive silicate also considerably contributed to increased macroalgal cover (r 7 = G.46,t = 2.27, P>0.05). Thus, these observations are in agreement with the predictions of bottom-up hypothesis. In addition, the higher concentrations of DIN, nitrate, and ammonia recorded at locations II and III (Table 1) together with greater density of sea urchins Diadema setosum and Echinometra mathaei, the main grazers (herbivores), dismiss the top-down control. Therefore, the present study confirms the key role of nutrient enrichment and TSM in controlling the abundance and growth rates of macroalgae. Walker and Ormond (1982) found that increased algal standing crop in the sewage area at Aqaba, Red Sea, was not due to the absence of grazers (Diadema setosum) but presumed due to increased nutrient levels associated with sewage discharge, since Diadema setosum showed a higher population density (6.6 m" 2 ) in this sewage area. Eutrophication due to anthropogenic activities throughout the past three decades in the Northern Red Sea has allowed macroalgae to overgrow, overshade and smother many massive hermatypic corals (Riegl and Velimirov, 1991; Genin et al 9 1995) . Dubinsky and Stambler (1996) ; Lapointe (1999) reported that increases in nutrient availability can dramatically increase macroaigal growth rates and biomass, and remove the competitive advantage of zooxanthellate corals over seaweeds. However, It has been assumed that the relative importance of nutrients and herbivory in controlling benthic algal abundance will depend on circumstances such as location, herbivore regimes, background nutrient supplies and disturbance regimes (McCook, 1999) . Apart from the current debate over the relative importance of nutrient enrichment and herbivory in controlling benthic algal abundance, it is important to recognize that both bottom-up and top-down perspectives assume that increased algal abundance will lead to decreased coral abundance by altering the competitive balance between algae and corals in the favor of algae (McCook, 1999; McCook et aL 9 2001a) . Thus, competition between corals and algae is a critical step in either hypothesis (model) of reef degradation. It was observed that red algae (Rhodophyta) were typically abundant on undisturbed oligotrophic reefs (Littler et aL 9 1987) and scarce in the reefs with prolonged elevated nutrient (Table 5) . On the other hand, green algae (Chlorophyta) and brown algae (Phaeophyta) were the dominant algae in the nutrient-disturbed reefs. This is consistent with the results of Riegl and Velimirov (1991) and Lapointe et aL (1997) . Increased nutrient availability has resulted in overgrowth of corals by green alga Enteromorphia spp« in the Red Sea (Genin et aL, 1995) , while eutrophication from sewage was correlated with the dominance of macroalga Dictyosphaeria cavernosa in Kaneohe Bay, Hawaii (Smith et aL, 1981) .
Nutrient enrichment can also increase the phytoplankton biomass (as indicated by chlorophyll a concentration), which in turn increases the IMPACT OF WATER QUALITY DETERIORATION ON CORAL 129 REEF COMMUNITY STRUCTURE IN THE NORTHERN RED SEA water turbidity and therefore decrease the amount of light available to corals (Bell and Elmetri, 1995; Genin el ah, 1995) . Thus, enhanced phytoplankton biomass has been implicated in the reduction of light available to zooxanthellae photosynthesis and subsequent corals calcification and growth rates (Kinsey, 1988) . The suggested threshold concentration of chlorophyll a for eutrophication is in the range of 0.3-0.5 jig l' r (Bell, 1991 (Bell, ,. 1992 ). The mean concentration of chlorophyll a that exceeded the critical threshold range was obtained at location 11 (0.59 j.ig r J ), while the values recorded at locations III, V, VI and VIII (Table 1) were in the range of threshold level. In sites 1, IV and VII, the concentrations of chlorophyll a were less than the threshold range. Table  3 displayed that chlorophyll a concentrations were significantly (PO.05) increased with enhanced concentrations of DIN and silicate (r* = 0.66,1 = 3.43 and r 2 = 0.54, t = 2.67 ? respectively). Chlorophyll a concentrations were also positively correlated with concentrations of ammonia (r fc = 0.46, t = 2.25, P>0.05). Consequently, the higher levels of DIN and ammonia at locations II and VI as well as the elevated concentrations of DIN and silicate at location III, due to terrestrial nutrient runoff, might contribute to the increased phytoplankton biomass in these areas. In the Negril Marine Park, Jamaica, chlorophyll a concentrations were above values typical of Caribbean "blue water" (<0.1 p.g l*
1
) and indicated significant increase in phytoplankton biomass and associated light attenuation due to terrestrial nutrient runoff (Lapointe and Thacker, 2002) .
It was observed that many nearshore reef-building corals at locations III and VI have been displaced by soft corals (Table 2) , particularly Sarcophyton spp., LUhophyton spp,, Lobophytum spp. and Sirtularia spp. The possible explanation for this observation is that soft corals have greater resistance to increased nutrient levels than reefbuilding corals (hermatypic) which are sensitive to changes in water quality (Benayahu, 1985; Wilkinson, 1996) . So, they are not sensitive indicator of nutrient induced stress in coral reefs (Fleury ei aL 9 2000) . Sarcophyton species are common on inshore reefs of the Great Barrier Reef and so are able to accommodate a wide range of nutrient conditions without adverse effects (Koop ei ctL, 2001) . Smith ei ah (1981) noticed that after increase of macroalgae, as a consequence of increased nutrient input, the benthic community structure was shifted away from corals towards filter feeders, such as soft corals, bryozoans, sponges, tunicates, etc.).
Abdel-Hamid A. ML AH and Mohamed A. Hamed
Therefore, it is recommended that a water quality monitoring programme and an integrated sustainable coastal management plan should f be started to conserve the marine ecosystems along the Red Sea coast of Egypt, particularly the sensitive ecosystems like coral reefs and seagrasses from increasing land-based sources of pollution and anthropogenic impacts. These ecosystems harbour enormous number of fish species and economically important invertebrates. 
